Perioperative hypothermia poses a challenge because of its deleterious effects on patient recovery. The current practice of applying two cotton blankets on patients during surgery is thought to be less ideal than using reflective insulation or forced-air warming. We studied 300 patients who underwent unilateral total knee replacement and were randomized equally to three groups: (a) the two-cotton-blanket group, (b) the one-reflective-blanket with onecotton-blanket group, and (c) the forced-air-warming with one-cotton-blanket group. Tympanic temperature readings were taken before surgery in the induction room, on arrival at the recovery room, and at 10-min intervals until discharge from the recovery room. On arrival at the recovery room, the forced-airwarming group had significantly higher temperatures (adjusted for sex, age, and patient's induction room temperature) of 0.577°C Ϯ 0.079°C (95% confidence interval [CI], 0.427-0.726; P Ͻ 0.001) and 0.510°C Ϯ 0.08°C (95% CI, 0.349 -0.672; P Ͻ 0.001) more than the reflective-blanket and two-cotton-blanket groups, respectively. The forced-airwarming group took a significantly (P Ͻ 0.001) shorter time of 18.75 min (95% CI, 13.88 -23.62) to achieve a temperature of 36.5°C in the recovery room as compared with 41.78 min (95% CI,) for the reflectiveblanket and two-cotton-blanket groups, respectively. The reflective technology was less effective than using two cotton blankets, and the forced-air warming was most efficient in maintaining perioperative normothermia. (Anesth Analg 2003;96:171-6) 
Perioperative hypothermia poses a challenge because of its deleterious effects on patient recovery. The current practice of applying two cotton blankets on patients during surgery is thought to be less ideal than using reflective insulation or forced-air warming. We studied 300 patients who underwent unilateral total knee replacement and were randomized equally to three groups: (a) the two-cotton-blanket group, (b) the one-reflective-blanket with onecotton-blanket group, and (c) the forced-air-warming with one-cotton-blanket group. Tympanic temperature readings were taken before surgery in the induction room, on arrival at the recovery room, and at 10-min intervals until discharge from the recovery room. On arrival at the recovery room, the forced-airwarming group had significantly higher temperatures (adjusted for sex, age, and patient's induction room temperature) of 0.577°C Ϯ 0.079°C (95% confidence interval [CI] , 0.427-0.726; P Ͻ 0.001) and 0.510°C Ϯ 0.08°C (95% CI, 0.349 -0.672; P Ͻ 0.001) more than the reflective-blanket and two-cotton-blanket groups, respectively. The forced-airwarming group took a significantly (P Ͻ 0.001) shorter time of 18.75 min (95% CI, 13.88 -23.62) to achieve a temperature of 36.5°C in the recovery room as compared with 41.78 min (95% CI, 36.86 -46.58) and 36.43 min (95% CI, 31.23-41.62) for the reflectiveblanket and two-cotton-blanket groups, respectively. The reflective technology was less effective than using two cotton blankets, and the forced-air warming was most efficient in maintaining perioperative normothermia. H ypothermia is a known consequence of surgery and anesthesia. It is a clinical state in which a human body is unable to generate sufficient heat to efficiently achieve and maintain optimum metabolic performance (1, 2) . Mild hypothermia is said to be present when a patient's core body temperature is between 33.0°C and 36.4°C (1) .
In the operating room (OR), surgical patients are inadvertently exposed to many factors that may alter the thermoregulatory mechanism, resulting in postoperative hypothermia. Some of the factors include cold OR, IV fluids, antimicrobial skin preparations, and various forms of anesthesia (3). In addition, some patients may have factors that place them at high risk for perioperative heat loss. These include surgery that exceeds 2 h in duration, young age, old age, trauma, intraabdominal or thoracic surgery, massive blood loss, and transfusion.
Inadvertent perioperative hypothermia poses a challenge because of its deleterious effects on patient recovery. Mild perioperative hypothermia, between the temperatures of 33.0°C and 36.4°C, causes complications such as protein catabolism, changes in glucose metabolism, and hypokalemia and can affect glomerular filtration (4) . It is also associated with impaired wound healing, coagulopathy, postoperative increase in oxygen consumption, decrease in drug metabolism, negative nitrogen balance, and respiratory distress (3, 5) . Severe hypothermia may even lead to bradycardia, atrial fibrillation, premature ventricular contractions, and ventricular fibrillation (6) . Hypothermia causes more problems for a patient than just a mere unpleasant experience of feeling cold. Therefore, the ability to maintain normothermia during and after surgery at the recovery room poses a challenge and should be addressed in today's clinical practice so as to improve the quality of patient care.
We thought that the current practice of applying two cotton blankets during surgery on the patient is less ideal than reflective insulation or the forced-air warming method. Therefore, we embarked on this study with the aim of determining the most effective and cost-effective of the three warming interventions.
Materials and Methods
This study was a prospective, randomized, controlled trial conducted from February 2000 to October 2000 with the approval from the Ethics Committees. Threehundred patients scheduled for unilateral total knee replacement were equally randomized into three groups using the sealed-envelope method. The control group was the two-cotton-blankets group, which is the current practice. The other two groups comprised the interventions using the reflective blanket and the forced-air warming blanket. The patients were either ASA physical status of I or II, as determined by the anesthesiologists. The process of the study was explained to the patients, and written consent was obtained. The patient's height and weight were taken using the same weighing scale. The environmental temperatures of the ORs and the recovery rooms were thermostatically adjusted to between 19°C and 22°C, respectively, by the facilities and plants engineering department of the hospital.
Four nurse researchers were trained to ensure standardization in treatment applications and data collection. On the day of surgery, when the patient arrived at the OR reception, the researcher assigned to the case selected a sealed envelope containing a data collection form that specified the type of warming intervention to be administered. The patient's initial temperature was taken on arrival at the OR induction room before the administration of anesthesia. The temperature of the OR was standardized and recorded daily ( Table 1) . The patient's temperature was taken using an ear thermometer (Terumo Ear Thermometer EM20CH, Terumo Corporation, Tokyo, Japan) that had infrared radiation capabilities.
All patients were brought into the OR 45 min before the commencement of surgery and donned in a patient operation gown. One cotton blanket (100% cotton, 180 ϫ 222 cm, and 900 g) folded lengthwise to make two layers was used at the ward level to cover the subject when they were transferred onto the OR trolley.
Two-Cotton-Blankets Group
On transferring onto the operating table, the nurse researcher placed in a prescribed manner another cotton blanket that had been folded lengthwise. Both cotton blankets were then folded once over the trunk of the patient to make eight layers in thickness.
The arm with the IV drip was extended, and the other arm was placed along the side of the operating table. The sides of the blankets were carefully tucked under the patient. The blankets covered the patient from the level of the iliac crests extending to both shoulders and the neck.
Reflective-Blanket with One-CottonBlanket Group
On transferring the patient onto the operating table, a reflective blanket (Thermadrape, 4 ϫ 4 ft Blanket T1300, Concepts Inc, Roanoke, TX) was applied in a prescribed manner below the existing cotton blanket. The reflective side of the blanket was placed facing upwards. The existing cotton blanket was folded once over the trunk of the patient to make four layers in thickness. The arm with the IV drip was extended, and the other arm was placed along the side of the operating table. The sides of the blankets were carefully tucked under the patient. The reflective and cotton blanket covered the subject from the level of the iliac crests extending to both shoulders and the neck.
Forced-Air-Warming-Blanket with One-CottonBlanket Group
On transferring the patient onto the operating table, a forced-air warming blanket (Bair Hugger ® , Model 540 Torso, Augustine Medical Inc, Eden Prairie, MN) was applied below the existing cotton blanket in a prescribed manner. The surface with small, perforated holes, which allowed for controlled warm air to filter through, was placed onto the patient. The lower edge of the warming blanket was placed at the level of the patient's iliac crests and held in place by self-adhesive tape. The existing cotton blanket was folded once over the trunk of the subject to make four layers in thickness. The arm with the IV drip was extended, and the other arm was placed along the side of the operating table. The sides of the blankets were carefully tucked under the subject. The forced-air blanket and cotton blanket covered the patient from the level of the iliac crests extending to both shoulders and the neck. The forced-air warming blanket was then inflated by a forced-air warming unit (Bair Hugger ® , Model 505, Augustine Medical Inc) set at 38°C.
In all three groups, the patients laid on the operating table, which was lined with a warm watercirculating blanket (Gaymar-model MTA 4702, Gaymar Inc, Buffalo, NY) set at 37°C, followed by a Mackintosh (Hospital Rubber Sheet, 2 ϫ 0.9 m) and a trolley sheet (100% Cotton, no fluff, 230 ϫ 124 cm, and 144 thread count). The cleaning solutions used and the surgical draping were standardized. The patient continued to receive the same warming intervention that was given during surgery until their discharge from the recovery room.
After surgery, when the patient arrived at the recovery room, the ambient temperature of the recovery room was documented. The patient's temperature, pulse rate, respiration rate, and blood pressure were taken and documented. Subsequently, the patient's temperature was taken using the same ear thermometer at 10-min intervals until the patient was discharged from the recovery room.
Based on a survival analysis calculation of 70% versus 90% achieving 36.5°C by 1 h for the two-cottonblanket group and forced-air-warming/reflectiveblanket groups, respectively, 89 subjects in each group would be sufficient for a power of 90% and a twosided test of 5% (7) . Factoring in a 10% attrition rate, 100 patients per group would be recruited.
All statistical analyses were performed using SPSS version 8.0 (SPSS Inc, Chicago, IL). Differences in continuous variables were determined using analysis of variance, and associations between categorical variables were assessed using 2 or Fisher's exact tests. A multiple regression analysis with patient's temperature at the recovery room as the dependent variable and adjusting for sex, age, and patient's temperature at the induction room was performed. Kaplan-Meier analysis (8) was performed on the time to achieve 36.5°C within the first hour. Statistical significance was obtained with P Ͻ 0.05. Table 1 shows the demographic data of our study. There were no statistically significant differences between the three groups in the variables. Figure 1 shows the mean temperature of patients from the induction room to the recovery room for the three groups. The average time from the induction room to the recovery room was approximately 1.5 h. The arrival temperature (mean Ϯ sem) of the patients at the recovery room were significantly less than that at the induction room for both the two-cotton-blanket (36.02°C Ϯ 0.06°C, range, 33.7°C-37.3°C, versus 36.54°C Ϯ 0.047°C, range, 35.0°C-37.2°C; P Ͻ 0.001) and the reflective blanket (35.93°C Ϯ 0.063°C, range, 34.4°C-37.8°C, versus 36.53°C Ϯ 0.051°C, range, 35.0°C-37.3°C; P Ͻ 0.001) groups but not the forcedair-warming group (36.49°C Ϯ 0.062°C, range, 34.2°C-38.4°C, versus 36.5°C Ϯ 0.052°C, range, 34.9°C-37.4°C; P ϭ 0.790). Statistically significant differences (using multiple regression adjusting for sex, age, and patient's induction room temperature) were found for patients' temperature on immediate arrival at the recovery room: the forced-air-warming group had significantly higher temperatures of 0.577°C (95% confidence interval [CI], 0.427-0.726; P Ͻ 0.001) and 0.510°C (95% CI, 0.349 -0.672; P Ͻ 0.001) more than the reflective-blanket and two-cotton-blankets groups, respectively.
Results
Defining no change and increase in temperature as positive responses, the forced-air-warming-blanket Figure 1 . Mean temperature of patients from induction room to recovery room for the three groups (two-cotton-blankets group, reflective-blanket group, and forced-air-warming group). Error bars indicate 95% confidence intervals (CIs). group was significantly more effective in maintaining perioperative normothermia from induction room to recovery room compared with the reflective-blanket (odds ratio (9), 8.2; 95% CI, 4.2-16; P Ͻ 0.001) and two-cotton-blankets groups (odds ratio, 4.5; 95% CI, 2.4 -8.1; P Ͻ 0.001), as given in Table 2 . Shivering in the recovery room was observed in four patients in the two-cotton-blanket group, three patients in the reflective-blanket group, and one in the forced-air-warming group. There was no association between the type of warming intervention used and shivering (P ϭ 0.371; Fisher's exact test). Interestingly, we found that all eight patients who shivered had temperatures between 35.2°C and 37°C, whereas there were nine patients with temperatures below 35.2°C who did not demonstrate shivering. Figure 2 shows the mean temperature profiles for the 3 warming groups with respect to time including the 95% CI error bars. The rate of temperature increase with time was similar for the three groups. Performing a survival analysis (Kaplan-Meier log-rank test) on time to achieve 36.5°C within the first hour, the forcedair-warming group has a mean Ϯ sem of 18.75 Ϯ 2.48 min (95% CI, 13.88 -23.62), which is significantly lower (P Ͻ 0.001) compared with the reflectiveblanket group (41.72 Ϯ 2.48 min; 95% CI, 36.86 -46.58) and two-cotton-blankets group (36.43 Ϯ 2.65 min; 95% CI, 31.23-41.62). Figure 3 shows the percentage of patients who achieved 36.5°C at various time periods up to 60 min. The forced-air-warming group had a significantly larger percentage of patients who achieved 36.5°C within the hour compared with the two-cotton-blanket group (75% versus 45%; P Ͻ 0.001; odds ratio, 3.7; 95% CI, 2.0 -6.9) and the reflectiveblanket group (75% versus 40%; P Ͻ 0.001; odds ratio, 4.5; 95% CI, 2.5-8.2).
Discussion
In our study, we found that forced-air warming was significantly more effective than two cotton blankets or reflective blankets in maintaining perioperative normothermia. The forced-air warming blanket is significantly more expensive compared with the reflective blanket. At our institution, the forced-airwarming unit costs US $1470. Assuming a potential usable period of five years and a usage rate of one to two patients per day (365 patients per year), this would translate to less than $1 per use per patient. The disposable warming blanket costs US $22 apiece or US $23 per use for the forced-air warming method. It was hoped that the reflective blanket, at US $5 apiece, would be a better alternative than the current practice of covering patients with two cotton blankets. The cost of a piece of re-usable cotton blanket is US $5, and the total cost per use including laundry would be less than $1. A number of studies have suggested the use of reflective technology as a prevention strategy. Ensminger and Moss (10) examined the use of reflective technology and suggested that it had properties to preserve body temperature by reflecting the patient's radiant heat loss and also preventing convective heat loss to the cold OR.
However, the results of the reflective blanket were not better than the two cotton blankets as we had assumed when we began this study. Although the rate of temperature increases over time was the same for all three groups, the two-cotton-blankets group achieved 36.5°C within the first hour, with a mean Ϯ sem of 36.43 Ϯ 2.65 minutes, whereas the reflective blanket group was 41.72 Ϯ 2.48 minutes. Our study was consistent with that of Borms et al. (11) who compared the efficacy of forced-air warming and reflective blanket in patients who had elective total hip arthroplasty. This study showed that reflective insulation was unable to maintain intraoperative normothermia. Recovery room stay costs US $20 per 15 minutes. The shorter time required to rewarm the patients in the recovery room with the forced-air-warming group (mean Ϯ sem of 18.75 Ϯ 2.48 minutes) offsets the higher startup cost for the forced-air warming device.
Our study showed that in the forced-air-warming group, normothermia in the OR was more effectively maintained, and a higher temperature was achieved upon arrival at the recovery room. Murat et al. (2) evaluated the efficacy of forced-air warming given to 51 patients during spinal surgery for scoliosis. Their study showed forced-air warming to be more effective in maintaining body temperature than when no warming devices were used. Bennet et al. (12) compared the efficacy of cutaneous active versus passive warming devices on 45 elderly patients undergoing elective hip arthroplasty. They found active skin surface warming provided a stable thermal homeostasis. This was also consistent with a study by Defina et al. (13) where patients using forced-air warming during surgery were more likely to arrive at the recovery room less hypothermic and had a shorter postoperative stay in the recovery room.
It was noteworthy in our study that 25% of patients in the group receiving forced-air warming had core body temperatures more than 37.2°C during their stay in the recovery room. Another 9% of patients in this same treatment group verbalized a feeling of overwarmth and discomfort, although their body temperatures were Ͻ37.2°C. The treatment had to be discontinued for these 34% of patients. Further analysis of this cohort showed that three quarters of them had an initial body temperature, before the administration of anesthesia at the induction room, in the normothermia range of 36.5°C-37.2°C. This was interesting because we did not find other studies reporting this hyperthermic effect. It raised a concern that one third of the cohort in the forced-air warming experienced a sense of over-warmth.
There are limitations in our study. Prolonged surgery or surgeries that expose the pleural, the pericardial, or the peritoneal serous surfaces do result in dramatic evaporative heat loss. Our study focused only on unilateral total knee replacement surgery for standardization reasons. Further study could be extended to include open cavity operations so that the findings could be generalized. Because this study had more women who had total knee replacement surgery, our sex distribution was not equal. We had 251 women and 49 men (83% women). This is consistent with the general sex distribution of patients undergoing total knee replacement surgery in our institution over the last three years: there were 375 women and 72 men in 1999 (83% women), 419 women and 79 men in 2000 (84% women), and 606 women and 79 men in 2001 (84% women).
Our recommendation is to determine the core body temperature of patients admitted to the recovery room. This will detect patients who are hypothermic so that they can be provided with the appropriate intervention. We hope that preventive measures taken to identify inadvertent perioperative hypothermia will help to minimize the deleterious effects on patients' postsurgical recovery. Recovery room personnel should not depend on the presence of shivering to determine whether patients are hypothermic because our results showed that patients who had temperatures below 35.2°C did not necessarily shiver.
We conclude that forced-air warming was significantly more efficient and cost-effective in maintaining perioperative normothermia during knee surgery. Although the cost of the forced-air warming may be more than that of two cotton blankets and a reflective blanket (US $23 versus US $1 versus US $5), this is compensated by the savings in reduced recovery room stay (US $20 per 15 minutes) and the cost of treating complications associated with postoperative hypothermia. The patients in the forced-air-warming group required 60 minutes compared with 150 minutes in the two-cotton-blankets group to reach normothermia in the recovery room. The performance of the two cotton blankets was better when compared with the reflective blanket. 
